ABSTRACT Background: Findings of past studies on the effect of drinking patterns on diabetes risk have been inconsistent. Objective: We aimed to investigate the role of drinking frequency and usual quantity consumed in the development of type 2 diabetes. Design: Enrolled were 1650 Japanese men without diabetes (diabetes: fasting plasma glucose $7.0 mmol/L, glycated hemoglobin $6.5%, or self-reported clinician-diagnosed diabetes). Average alcohol consumption and 12 combinations of frequency and usual quantity per drinking occasion were assessed at the baseline examination. The absolute risk and HR for the development of diabetes were calculated. Results: During a mean follow-up period of 10.2 y, 216 individuals developed diabetes. Lifetime abstainers (n = 153) had a relatively low incidence of diabetes (9.1/1000 person-years), similar to moderate consumers (99-160 g ethanol/wk; 9.0/1000 person-years). Increasingly higher quantities of alcohol usually consumed per occasion increased the risk of diabetes regardless of drinking frequency. The lowest incidence rate of diabetes (8.5/1000 person-years) was associated with the consumption of ,1 drink (,23 g ethanol) per occasion over $6 times/wk. Binge drinking ($3 drinks per occasion) significantly increased the risk of future diabetes regardless of frequency (HR: 1.79; 95% CI: 1.17, 2.74) compared with ,1 drink per occasion. Conclusions: Among current drinkers, a drinking pattern of ,1 drink per occasion regularly over 6 times within a week was associated with the lowest risk of developing diabetes. Usual quantity per drinking occasion was a more important determinant than was weekly drinking frequency in the association between alcohol consumption and risk of diabetes in Japanese men.
INTRODUCTION
Questions remain about alcohol consumption and the risk of developing type 2 diabetes. Moderate alcohol consumption has been associated with a lower risk of developing type 2 diabetes, whereas heavy alcohol consumption has been associated with a higher risk of diabetes (1) (2) (3) . However, calculation of the volume of alcohol consumption is based on various combinations of frequency and usual quantity per drinking occasion. In a crosssectional study of the NHANES population, men who usually consumed $3 US drinks at one drinking occasion had unfavorable cardiometabolic factors, regardless of drinking frequency over a period of 1 wk (4) . Only a few prospective studies (5) (6) (7) (8) have investigated the role of regular and irregular drinking patterns in the development of type 2 diabetes, and the definitions of these drinking patterns differed among studies (5) (6) (7) (8) . There has been little clarification of the effect of various combinations of drinking frequency and usual quantity on the absolute risk of developing diabetes. Whether the number of drinking days or the amount of alcohol consumed on one occasion is the most important factor regarding this issue remains unclear (7) . In addition, studies that investigated the effect of binge-drinking habits (ie, excess alcohol consumption over a short period) on the risk of developing diabetes showed inconsistent results (9) (10) (11) . The role of the regularity of alcohol consumption per week and the effect of the usual quantity needs to be investigated further. Furthermore, whether the beneficial effect of light-to-moderate alcohol consumption on the development of diabetes is universal across ethnicities remains unclear (12) (13) (14) . To address these issues, we followed Japanese men without diabetes over a long follow-up period of 8 to 13 y.
SUBJECTS AND METHODS

Study participants
A total of 29,584 individuals underwent annual health checkups from 1997 to 2002 at the Health Management Center, Toranomon Hospital, Tokyo, Japan. All participants were interviewed at each examination by using standard questionnaires that gathered information on medical history, demographic characteristics, and health-related habits. Routine health checkups are very common in Japan because the Japanese government and companies encourage people to have periodic examinations. Of those 29,584 individuals, we examined data on 2476 individuals aged 26-80 y who underwent health examinations on an annual basis during an 8-to 13-y follow-up period ( Figure 1) . We excluded individuals who had diabetes at the baseline examination (n = 100) or had missing data on baseline characteristics (n = 167). Subsequently, 2215 individuals were eligible for the current analysis. Of the 2215 individuals, we investigated only the 1650 male participants because the database did not contain sufficient incident cases of diabetes (37 incident cases) for the 565 women to conduct meaningful analyses. Diagnosis of type 2 diabetes was made according to the American Diabetes Association criteria (15) of a fasting plasma glucose concentration $7.0 mmol/L, self-reported clinician-diagnosed diabetes, or glycated hemoglobin (Hb A 1c ) $6.5%. The study protocol followed the Japanese Government's Ethical Guidelines Regarding Epidemiologic Studies in accordance with the Declaration of Helsinki and was reviewed by the Institutional Review Board at Toranomon Hospital.
Assessment of alcohol drinking habits
Alcohol drinking habits were assessed by using a standard questionnaire at the baseline examination. The participants were asked about their current drinking status (nondrinkers, past drinkers, or current drinkers), and drinking patterns were assessed for both current and past drinkers (past habits for the past drinkers). Duration of drinking cessation was also assessed. We then differentiated lifetime abstainers (those who had never consumed alcohol) and irregular abstainers (those who had ever consumed alcohol but currently did not) to rule out the "sick quitter" effect for nondrinkers (16) . Therefore, we categorized current drinking status into 3 groups for this study: lifetime abstainers, past drinkers, and current drinkers.
We calculated the average alcohol consumption (g ethanol/wk) by multiplying the usual quantity of alcohol consumed per occasion by the frequency of alcohol consumption. Average alcohol consumption was categorized into sextiles (8-54, 55-98, 99-160, 161-229, 230-287, and 288-748 g ethanol/wk). For the current study, we assigned the term "moderate" or "heavy" alcohol consumption for 99-160 g ethanol/wk (14-23 g ethanol/d) or 288-748 g ethanol/wk (41-107 g ethanol/d), respectively.
Generally, in Japan, moderate alcohol consumption is indicated by w20 g ethanol/d, and heavy alcohol consumption is indicated by 60 g ethanol/d (17, 18) . According to US dietary guidelines for men, moderate alcohol consumption is indicated by #2 US drinks/d (w24 g ethanol g/d), and heavy alcohol consumption is indicated by .4 US drinks/d (w .48 g ethanol) (19) . These are comparable to the definitions used in this study.
Frequency of alcohol consumption was categorized as 1 or 0 times/wk, 2-3 times/wk, 4-5 times/wk, or $6 times/wk. The usual quantity consumed on one drinking occasion was categorized as ,1 drink, 1-2 drinks, or $3-5 drinks. The usual quantity consumed per drinking occasion was indicated by an equivalent volume of one unit of Japanese sake (23 g ethanol) and its equivalent volume of a bottle of beer. Common definitions of one standard drink differ among countries; eg, 12 g ethanol constitutes one US drink (20) . In this study of Japanese men, we used the common Japanese unit, and one Japanese drink was equivalent to almost 2 US drinks. According to the National Institute of Alcohol Abuse and Alcoholism, "binge" drinking is defined as a pattern of alcohol consumption that brings the blood alcohol concentration to $0.08 g percent (21) . This drinking pattern usually corresponds to $5 US drinks or $3 Japanese drinks on a single occasion for men (17) (18) (19) . We therefore used binge drinking to indicate cases whereby men consume $3 drinks per occasion (regardless of frequency) in the current study.
Clinical measurements
Height and weight were measured while subjects were not wearing shoes or heavy clothing, and BMI was calculated as weight (kg)/height (m) 2 . Blood pressure was measured by trained hospital staff while the subject was in a sitting position. Blood samples were collected after the subjects had fasted overnight (12 h), and measurements were made by using an automatic clinical chemistry analyzer (LABOSPECT 008; Hitachi). Blood glucose, serum triglyceride, total cholesterol, and HDL-cholesterol concentrations were measured by using enzymatic methods. Hb A 1c was assessed by HPLC. The value for Hb A 1c (%) was estimated as the National Glycohemoglobin Standardization Program value (%) calculated as follows: Hb A 1c (%) = Hb A 1c (Japan Diabetes Society) (%) 3 1.02 + 0.25% (22) .
Statistical analysis
Follow-up time for each participant was calculated from the date of the initial screening examination to the date of confirmed diabetes or the date of the last follow-up examination. A Cox regression model was performed to estimate HRs and their 95% CIs for the development of diabetes. The analysis was performed by using IBM SPSS Statistics version 19 (IBM). Statistical significance was set at P , 0.05.
RESULTS
Of the total of 1650 men, 153 (9.3%) were lifetime abstainers, whereas most of the participants (n = 1457; 88.3%) were current drinkers ( Table 1) . Results of the Spearman correlation test showed that total alcohol consumption (g ethanol/wk) was positively associated with concentrations of triglycerides, HDL cholesterol, and g-glutamyltransferase among the current drinkers (P , 0.01).
During a mean (6SD) of 10.2 6 2.8 y (total: 16,804 personyears) of follow-up time, we documented 216 incident cases of diabetes. There were only 40 past drinkers, and these individuals had a markedly elevated incidence rate of diabetes (26.9/1000 person-years), as expected (Table 1) . Lifetime abstainers had a relatively low incidence rate of diabetes (9.1/1000 person-years), and moderate drinkers (99-160 g ethanol/wk) had a similarly low incidence rate of diabetes (9.0/1000 person-years). Results of multivariate Cox regression analysis showed that the average alcohol consumption volume was nonlinearly associated with the development of diabetes compared with lifelong abstention (Figure 2 ). Higher alcohol consumption, ie, 230-287 and 288-748 g ethanol/wk, was associated with higher HRs of 1.71 (95% CI: 0.92, 3.19; P = 0.089) and 2.05 (95% CI: 1.09, 3.87; P = 0.027), respectively, compared with lifelong abstention. Moderate alcohol consumption (99-160 g ethanol/wk) was not significantly associated with a lower risk of diabetes (HR: 1.05; 95% CI: 0.55, 2.03) compared with lifelong abstention. We therefore performed further analyses among current drinkers to examine the effect of various combinations of drinking quantity and frequency on the development of diabetes.
The results of our investigation of the absolute risk of diabetes, by the joint effect of frequency and usual quantity of alcohol consumed per occasion among the current drinkers, are shown in Figure 3 . Increasingly higher usual quantities of alcohol consumed per occasion were associated with an increased incidence rate of diabetes (per 1000 person-years) across each category of frequency of alcohol intake. We found that a pattern of ,1 drink per occasion $6 times/wk (n = 132) was associated with the lowest incidence rate of diabetes (8.5/1000 person-years) among the 12 combinations of frequency and usual quantity studied. Drinking patterns of $3-5 drinks per occasion (n = 22) and 1-2 drinks per occasion (n = 76) over a short period of time (1 or 0 times/wk) were associated with an elevated incidence rate of diabetes (32.6/1000 person-years and 18.8/1000 person-years, respectively). Use of the results of multivariate Cox regression analysis of the category of ,1 drink per occasion $6 times/wk as a reference (model 2, base; Table 2 ) showed that drinking patterns of low frequency (1 or 0 times/wk) and with a high usual quantity per occasion (1-2 drinks or $3-5 drinks) were significantly associated with increased HRs of 2.83 (95% CI: 1.30, 6.15) and 4.23 (95% CI: 1.63, 11.0) for the development of diabetes, respectively. Adjustment for BMI (model 3) and cardiometabolic factors (model 4) did not change the results. Regardless of frequency, men who consistently binge drank ($3-5 drinks per occasion) had increased HRs (95% CIs) of 2.36 (1.05, 5.31), 2.82 (1.32, 6.05), and 2.07 (0.96, 4.43), although further adjustments for BMI and metabolic factors (model 3 and model 4) attenuated the HRs. We did not observe a significant (P , 0.10) interaction effect on the development of diabetes between the quantity and frequency variables of alcohol consumption.
We then investigated whether there was an independent association of frequency, usual quantity per occasion, and total alcohol consumption with the risk of diabetes ( Table 3) . In a multivariate Cox regression model with adjustments for total alcohol consumption (g ethanol/wk) and other potential risk factors, each usual quantity or frequency was significantly associated with the development of diabetes, regardless of total alcohol consumption (model 1 and model 2; Table 3 ). When we introduced 2 drinking habits (usual quantity and frequency) into multivariate model 3, both habits independently predicted future diabetes. Usual quantity per occasion was associated with an increased HR (P-trend = 0.012); a frequent drinking habit was negatively associated with the HR of diabetes (P-trend = 0.082).
Further adjustments in a model for white blood cell count and alanine transaminase attenuated the HRs for the frequency of alcohol consumption on the development of diabetes (P-trend = 0.142); however, higher usual amounts significantly increased FIGURE 2. HRs (and 95% CIs) from Cox proportional hazards models for the development of diabetes according to alcohol consumption. Data in brackets indicate the number of participants across categories of alcohol consumption. The multivariate-adjusted model included age, parental diabetes, smoking status (never, former, or current), physical activity habit, hypertension (systolic blood pressure $140 mm Hg, diastolic blood pressure $90 mm Hg, or medical treatment), BMI, HDL cholesterol, log-transformed triglycerides, white blood cell count, and alanine transaminase concentration. FIGURE 3. Joint effect of drinking days per week and number of drinks per drinking day on the incidence rate of type 2 diabetes among current drinkers. Values are incidence rate/1000 person-years for the development of diabetes among each category. The number of participants for each category is shown in brackets. One drink is defined as a standard Japanese drink with a volume equivalent to 23 g ethanol. diabetes risk (P-trend = 0.012). Compared with ,1 drink, 1-2 drinks and $3-5 drinks per occasion were associated with elevated HRs: 1.46 (95% CI: 1.02, 2.10) and 1.79 (95% CI: 1.17, 2.74), respectively, regardless of the frequency of alcohol consumption.
DISCUSSION
In this study of apparently healthy Japanese men, we observed that the usual quantity per drinking occasion was a more important determinant than was frequency/wk in the association between alcohol consumption and risk of diabetes. Compared 2 Model 1 includes usual quantity of alcohol consumed, total alcohol consumption (g ethanol/wk), age, parental diabetes and smoking habit (never, former, or current), physical activity habit (any physical activity for 20-30 min or more per occasion at least once per week), BMI, hypertension (systolic blood pressure $140 mm Hg, diastolic blood pressure $90 mm Hg, or treatment for hypertension), log-transformed triglycerides, HDL cholesterol, white blood cell count, and alanine transaminase concentration.
3 Model 2 includes frequency of alcohol consumption, total alcohol consumption (g ethanol/wk), age, parental diabetes and smoking habit, physical activity habit, BMI, hypertension, log-transformed triglycerides, HDL cholesterol, white blood cell count, and alanine transaminase concentration. 4 Model 3 includes usual quantity of alcohol consumed, frequency of alcohol consumption, age, parental diabetes and smoking habit, physical activity habit, BMI, hypertension, log-transformed triglycerides, and HDL cholesterol.
5 Model 4 includes model 3 plus white blood cell count and alanine transaminase concentration. 6 One drink is defined as a standard Japanese drink with a volume equivalent to 23 g ethanol.
with a drinking pattern of ,1 drink (,23 g ethanol) per occasion, men who binge drank (ie, consumed $3 drinks on a single occasion) had an increased absolute risk of diabetes, regardless of drinking frequency/wk, among current drinkers. Among all drinking combinations examined among the current drinkers, a pattern of ,1 drink per occasion regularly 6 times throughout a week was associated with the lowest risk of the development of diabetes. Among current drinkers, our observed U-shaped association between alcohol consumption (g ethanol/wk) and diabetes risk is in line with the results of 3 meta-analyses (1-3) . Beneficial effects of moderately consuming alcohol include increased HDLcholesterol (23) and adiponectin (24) (25) (26) (27) concentrations. Two short-term randomized clinical trials in nondiabetic postmenopausal women reported that moderate alcohol consumption (25 and 30 g alcohol/d) improved insulin sensitivity and lowered triglyceride concentrations (26, 28) . Among high-risk participants in the Diabetes Prevention Program (29) , risk of progression to diabetes was lower among individuals who consumed 1 drink/d than among those who consumed less alcohol in subjects grouped according to the use of metformin or lifestyle modifications. A potential antiinflammatory mechanism might be a possible beneficial effect of moderate alcohol consumption. Joosten et al (30) showed that 4 wk of moderate alcohol consumption altered immune responses and that the alterations were predominantly associated with a decreased nuclear factor-kB gene expression. A recent intervention study also showed that alcohol consumption suppressed nuclear factor-kB activation (31) . On the other hand, we did not find that moderate consumption of alcohol rather than lifelong abstention significantly lowers the risk of diabetes. Although the reasons for this observation were not determined, many of Japanese and Chinese individuals lack catalytic activity of the mitochondrial ALDH2 isozyme-an abnormality not detected in most white populations (32) . Two cross-sectional studies with male Japanese participants reported an inverse association between alcohol consumption and adiponectin concentrations, which suggests ethnic differences in the effect of alcohol consumption (33, 34) . That moderate-to-high alcohol intake increased diabetes risk was reported in lean Japanese men (12, 13, 35) . On the other hand, in other studies in individuals of Asian descent (36, 37) , moderate alcohol consumers had a lower risk of diabetes compared with nondrinkers, although past drinkers were also included among nondrinkers; therefore, the "sick quitter" effect (16) could not be completely ruled out.
Drinking patterns and diabetes risk have been studied prospectively (5) (6) (7) (8) . A study of US male health professionals reported that consumption of alcohol $5 times/wk provided the greatest protection, even if the level of consumption per drinking day is low (5) . Absolute risk of diabetes did not increase with consumption of a high quantity per occasion by current drinkers, nor did the overall amount consumed substantially influence the risk of diabetes after frequency was accounted for in their study (5) . In an Australian population, compared with men who did not drink during the week before the baseline examination, men who drank $210 g over 1-3 d had an increased risk of diabetes, whereas those who drank the same amount over a greater number of days did not have an increased risk of diabetes (7) . A study of Japanese men reported that those with light-tomoderate alcohol consumption (4-7 times/wk) had a lower risk of diabetes than did nondrinking men (8) . Our results suggest that high alcohol consumption on one drinking occasion significantly increased the risk of diabetes, regardless of frequency.
Results of examinations of the association of episodic/binge drinking with risk of diabetes have been conflicting, although the definition of binge drinking varied among studies and drinking habits varied across countries (38) . In a Finnish population, no association was noted between the habit of drinking 5 bottles of beer or 1 bottle of wine on a single occasion and the risk of diabetes in men; however, the risk was doubled in women (9) . Conversely, in a Swedish population, binge drinking, which was defined as drinking the pure alcohol equivalent of at least 1 bottle of wine or $2 bottles of wine during a single occasion, was associated with an increased risk of diabetes and prediabetes in men, but not in women (10) . A study from Norway did not confirm the association between binge-drinking patterns and increased diabetes risk (11) . We found that men who binge drank $3 drinks (69 g ethanol) had an increased risk of future diabetes. In a study of the NHANES population, men who usually drank in excess of the US dietary guidelines had unfavorable cardiovascular risk profiles, regardless of frequency (4). In cross-sectional analyses of men from the Health Professionals Follow-Up Study, men who consumed alcohol on most days had lower fasting insulin concentrations than did irregular drinkers (39) . In a cross-sectional study that investigated an association of fat distribution with alcohol drinking patterns among white and African American men and women, frequency of alcohol consumption was inversely associated with central adiposity, whereas the usual quantity per occasion was positively associated with central adiposity (40) .
The strengths of this study included the large number of individuals who were followed for a fairly long period of up to 13 y. We differentiated lifetime abstention and past drinking. Among the limitations, alcohol consumption was based on selfreported data provided only at the baseline health examination. A more objective assessment, such as that according to the foodfrequency questionnaire, was not performed to validate alcohol consumption, although the grams of ethanol reported were positively associated with HDL-cholesterol and g-glutamyltransferase concentrations. We also did not consider potential changes in alcohol intake over time, whereas it was suggested that increases in alcohol consumption over time were associated with a lower risk of type 2 diabetes among those who initially rarely drank or were light drinkers (41) . Data on dietary factors were not available, so other low-risk lifestyle behaviors might have influenced our results, although alcohol drinking in moderation was indicated to lower the risk of future diabetes regardless of other lifestyle factors (42) . Because our study included only men, a similar investigation over a relatively long period that included women is needed to compare sex differences in the roles of drinking patterns in the development of diabetes. That we followed only w8% (n = 2476/29,584) of the subjects who had a routine examination might influence the generalizability of our study results. Because our study participants were individuals who participated in annual health examinations, they might have been more health conscious than individuals not having health checkups. Nonetheless, we confirmed that the prevalence of obesity, current smokers, and individuals with a heavy alcohol consumption habit (60 g ethanol/d) in this study was comparable with that reported in NHANES in Japan. In addition, clinical characteristics were generally similar to those of our study (18) .
Our results indicated that an irregular episodic drinking pattern might increase the risk of diabetes in this cohort of Japanese men compared with moderate alcohol drinking over an entire week. Increasingly higher usual quantities per drinking occasion might be a more important factor for the development of diabetes than the weekly frequency of alcohol intake. Further research is needed to assess changes in alcohol consumption and drinking habits over time and their relation to the development of diabetes in various ethnicities.
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